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BERLIN TECHNICAL UNIVERSITY 

Special Branch for Research in Magnetohydrodynamics 

( SFB-MHD) 

Dr. L. ?rem 

Atomics International 

North American Rockwell 

P. 0. Box 309 

Canoga Park, California 91304 USA 

1000 Berlin, 9 October 1970 

Dear Dr. Prem, 

I am very sorry that I can o n l y  now send you our trip report. 

My excuse is that the writing took so long (and the report 

has become voluminous), we had difficult days, and my 

visit in Moscow came in the meantime. I have sent our 

report and your summary, for which I thank you, to our 

Ministry. 

first in a long series. 

Thus it may be hoped that our meeting was the 

We have read your report, and it contains all the important 

points. You will see that we have stressed some additional 

interesting information. 

There is much to report from Moscow. 

qetal KdD was intensively pursued. Your ideas on the later 

In every case liquid 
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zpplication of our system coincide somewhat with those 

of our Russian colleagues, although the nuclear side is 

more in the foreground. 

It is to be hoped that you and your group are not.troubl,ed 

by reductions, but are making progress. I remain with many 

greetings and best wishes for the work, 

Yours, 

(R. Radebold) 

1 
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SFB-PN3 Berlin, 25 September 1970 

Coopsration (USA - Federal Republic of Germany) in the area of 
rriagnetohydrodyranic energy conversion: 

Subpanel on liquid metal WID energy conversion. 

I Subject: Report on the trip of the working group for high 

temperature liquid metal and material technology to 

I Los Angeles from 13 June, 1970 to 18 June, 1970. 

This report consisLs of three parts: 
I 

Part 1 concerns information about the meeting, a summary of 

its results, and some conclusions for the German 

working graup. 

Part 2 contains the results of this meeting, listed according 

to concrete problems which should be solved jointly. 

Part 3 contains additional information of interest for this 

- _ -  - .  
work area, as well as new literature reports. 

Part 1 of the trip report: 

1.1 Sasis of the Trip 

In the preliminary draft of the German-American agreement 

on cooperation in MHD research, sub-panels were proposed 

for various areas. As a first step in cooperation, these 

sub-panels, through discussions of the work, were to work 

out the status of technology and the research results 

necessary to realize the goals set up. One of these working 
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g r o q s  was formed for "High Temperature Liquid Metal and 

>laterial Technology". 

1.2 Xembers of the working group 

The following were named members of the working group: 

Argonne National Laboratory (ANL) R. Schiltz 

3. Cerini Jet Propulsion Laboratory (JPL) 

C. Baroczy Atomics International (AI) 

L. Prem Atomics International (AI) 

R. Radebold AEG 

K. Wagner DFVLR 

H. P. Schwefel AEG 

1.3 Participants in the meetings 

The participants in the meetings were the persons designated 

in section 1.2, with the exceptions of D r .  R. Schlitz, 

who was replaced by Dr. F. Smith of  ANL, and of  Mr. 

Schwefel, who was replaced by Mr. Stubing. 

1.4 Inspections 

Inspections of the following establishments were included 

in, the meetings: 

1.4.1 

1.4.2 

Liquid Metal Engineering Center of AEG in Santa Susana. 

Liquid metal - MHD - test stands (K and Na) of  Atomics 

International in Santa Susana. 

1.4.3 Production of Na-H20 heat exchangers f o r  SBR at 

Atomics International in Canoga Park 
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l.iL.4 Liquid metal P%D test stands (NaK, Li, Cs) of the 

Jet Propulsioz Lzboratory in Pasadena. 

1.4.5 PiHD test installations for Ar-NaK streams in the 

Argonne National Laboratory (by Dr. Radebold only). 

1.5 'riost 

The meeting was organized by Dr. L. Prem and took place 

at the Atomics International company in Canoga Park. 

The meeting was distinguished by marked hospitality. 

1.6 Sun?mary of the results 

The area of liquid metal technology can generally be 

divided into three regions, depending on the materials 

used and the degree of difficulty. 

'liegion 1 reaches from about 5OOOC to a maximum of 650OC. 

Considered technically, it includes the equipment 

of present-day sodium-cooled fast breeder reactors. 

- 

Region 2 runs from about 75OOC to a maximum of 1000°C. 

It includes one-componeat liquid metal M I D  - 
energy conversion systems. Its upper limit is 

essentially set by the construction material 

Haynes 25 ( 2.4967 ) ,  which combines scale- 

free resistance to.alkali metals with adequate 

creep resistance with time. 
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Region 3 extends above 1000°C and comprises two- - 
corn2onent liquid metal NAD systems for extra- 

terrestrial energy conversion. 

be realized by use of refractory metals in vacuum. 

It can only 

The host placed great value on convincingly demonstrating 

the present.state of technology - -  i. e., Region 1. 
was provided by inspections 1.4.1 and 1.4.3, 

lectuyes by experts from the fast breeder reactor group at 

AI. In conclusion, one can say that large technological 

establishments have been built and controlled. 

This 
' and by numerous 

Region 2 was then considered on this basis. 

1.4.2 and 1.4.5 showed the state of technology, 

is, however, in no way comparable with that of Region 1. 

The task of the working group in the frame of the planned 

cooperation, aside from MED problems proper, is to transfer 

the technological knowledge which can be considered as 

correct up to 650°C,  up to the temperature region as 

high as 1000°C. Part 2 of this report indicates the 

problems to be solved there. 

Inspections 

which 

VaporizatioL2 experiments with alkali metals at 8 5 O O C  

as well as nozzle experiments show that beginnings have 

been inade for Region 2 technology in the USA. 

3e emphasized that the USA has a strong advantage because 

of many preliminary works. Oa the other hand, there is 

surprisingly little experience with the construction 

It need not 



material Haynes 25. Here, thanks to the early decision of 

t h e  BXEW to have the large PXD test stand built of Haynes 

25, we have a small advantzge, We were assured that 

our experience and in particular our construction 

capabilities are expected to allow construction of a 

larger test stand (JPL). 

Work in the PBD area proper is stagnating at AI and AML, 

while the working group of Dr. Elliott at JPL can work 

without restrictions toward the goal of a 300 kW power 

sripply for space flight. 

technological developments of noticeable extent in Region 2. 

Eowever, at AI, test stands for MHD systems have been 

operated for more than four hours at 8 7 0 O C .  Here the 

state of technology may be comparable with ours. The 

gcneral problem is in purification methods and especially 

in devzlopment of instrumentation so dependable that 

equipnent can be built in quantity and installed without 

its having to be considered the subject of research. 

The sane applies for the systems proper and their components, 

uritil interest can be concentrated exclusively on the 

physical processes in the systems, and the systems themselves 

present no more significant problems. 

We did not recognize any 

- _ -  

T'ne very great difficulties of temperature region 3 were 

apparent from the inspection 1.4.4. Consideration was 

unanimously deferred by the working group. 
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!$ark c1-i instrmentation in t h e  teqeratcre r e g i o n  2 

( - c ~  to lCC0 “C) m i s t  De compiz-icii with high priority. 
7 .  I is a’Dsop---  
A &  , -- ciLt=ly necessary to corLtiinw intensivsly the 

L ~ v ~ l o p ; . - . t n t  of S C K O E L L Z R - B L E C i X X  and EOHLER o n  the 

wazking of Kaynes 25 into cold-rolled tubes. Corrosior: 

investigations no longer seem in?o-rtant, since GE in 

Z v z n d d e  has o2erated a closed cycle f o r  more than 44,WG 

hours at 1010OC. Ten2erature enbrittlenent remains 

probiezatical. 

iic p r s s m t ,  -the major poinr; oL the work at thz s2ecial 

brznch f o r  PXD res2arch is EOL on investigaLion of the 

L~:-~g-cerx as3ects of inszallations. Sowever, there are 

zspeczs  of the tasks or’ the special reserrch branch,on 

O;IS haild, 2nd of the research themes presented in the 

appendix on the other hm.6, which have as yet not been 

adequately considered. 

a) Evsn for the o2eration of relatively ftshort-livedtf tes‘;: 

scands, it wi11 3e necessary to raise the purity require- 

rrenzs for alkali netalshigher than has h e n  usual in 

special rzsearch braach projects. &re, therefore, 

work Ls necessary as well as desirable in the framework 

of cooperation. 



* .  7ar c a i s  purpose the Lnvzstigation of t e s t  smnds a-nd 

-_ LLicxufacturirAg r aad testing r e s u l t s  w2th res2ect to this 

; Y O U ?  or' questions is necesssry.This could also be a 

contribllt ion t o w a r d  2 lamed cooperation. 

c) ?::e working conditions must 52 decisively ixp;-oved by 

coastrzction of a "clean  GOT^^^. Otherwise it will be 

L z p s s i b l e  to fulfill the rsquirernel-ks for purity, as  

:--rs k e n  done so far, without very great difficulties 

(if 2L all). 

r-7- l ~ e  plaEEed o2eration at high temperatures in itself rakes 

i: posslble to Endertzke directed technologic21 investiga~ions. 

cAawevez, appropriate results will not appear without directed 

qczstioning and suicable rnodificaLion of the test esLablishments. 

Veluable contributicjns xight be provided Z-xough extension 

OT the special branch's resezrch program, witnln flexibis 

limits, directly into the area ol specid desigri from thin 

s:wets (instead of t';ie previousiy corrnon power p1an.c designs). 

T h i s  has noi; yeL been closely icvestigated. Such study 

would also be desirable y.,ltbLin a cooperative framework. 

-., . _ -  
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B. ?Ia:erials tec>~riology 
-3 i r e  invest igat ions should include t w o  temperature rar-gss, 

nrnzly the region o f  2,bou.c (85OOC to 950OC) and tem?ezaLLzes 

ajove t h i s  ( 8 5 0 ° C  to 950°C). 

i/ for the thermodynamic engine - \  

a )  information on erosFai1 

b) construction p o s s i b i l i t i e s  (including welding 

techniques) f o r  superalloys ( e .  g . ,  Hayizes 25)  

t o  the extent tnaz t h e y  a r e  considerec! for the  

the-modyriiiamic engine . 
b)  invest igat ions o n  duplex mater ia ls  (preparat ioz 

and pro2ert ies)  

FoccnoLc 1 i s  on page 26  
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2) for the heat source 

a) smxary of data and investigation of materials for 

(i) electrically-heated heat somces 

(il) heat sources fired with fossil fuels 

(iii) nuclear heat sources 

b) after the choice of a particular heat source: 

summary of data and investigation of materials 

for construction 

c) study of life-time 

3 )  for connecting pipelines and other structures of the 

installations 

a) 

b) mutual influence of different materials in the 

missing data on long-te-m behavior 

system (material transport, electrolysis, etc.) 

assembly procedures at the construction site 

investigation of components (valves, connections, 

c) 

d) 

Pumps 1 
For all qhese points: 

request of other sub-panels. 

further questioning at the 

C. Corrosion 

1. Summarization of special corrosion effects in MHD 

systems 

a) establishment of the corrosim mechanisms in 

NHD systerrs 

b) decermination of allowable corrosion 

11 



c) f o u l i n g  (accumulation) effects and mass. transport 

2. Sammrization of technical data now available for 

resea-rch program. 

a) determination of permissi3le corrosion 

3) 

c) hot. gas effects 

fouling (accumulation) and mass transport effects 

3. Summary of necessary work 

a) high temperature data 

3) 

c) hot gas effects 

d) 

e) effect with duplex materials (electrolysis) 

f) 

data for high flow velocities 

effect of magnetic fields and higher flows 

determination of the type and presence of possible 

defects 

g) defects induced by radioactive radiation 

D. Purification of the working media 

a) source of impurities 

(i) at high temperatures ( 7 5 0 O C  to 1000°C) 

(ii) of chlorides in particular 

b) their effect or, the system 

(i) in operation at high temperatures 

(ii) of chlorides in particular 

purification methods 

(i) 

(ii) 

in operation at 'nigh temperatures 

with particular respcct to chlorides 

12 



e )  2 r e p a r a t i o a  or^ Letai12d o 2 e r a t i n g  I n s z r u c t i o x  

f o r  p u r i f i c a t i o n .  

7 -. S a f e t y  a d  sourczs of  danger  

2) 6- Laizage * ccntaLners, stearn g e c e r a t o r s  

In t h i s  c o m e c t i o n ,  see the SBR program  rid 

o t h e r  s o d i m i  s y s t e m  

b)  thermodynamic e n g i n e s  

i k 2 F n i t i o n  and d e s c r i p t i o n  o f  a typical s y s t e n  

c) heat s o u r c e s  

(j-1 with f o s s L l  fuels 

a) l eakage  f r o n  the systex i n t o  the 

c o n b u s t i o n  chamber 

l eakage  f r o m  the co;r:bustion chamber 

i r i to  t h e  system 

S )  

c) f i r e - f i g h t i n g  

( i i )  n u c l c a r  n e a t  s o u r c e s  

In fo rma t ion  o n  the  SBR p r o j e c t s .  

i3 



- F. instrunentation 

1. temperature measurement 

condition of safety and redundance of measuring points 

a) experimental phase 

b) demonstration phase 

2. flux measurement 

a) single-phase 

b) two-phase 

development of existing methods 

for temperatures of 85OOC and 

above 

utilization of known research 

ar,d development work for 

possible applications 

c) multi-component no suitable methods are known 

streams 

3. pressure measurement 

no:e as for 1. 

4 .  detection of leaks 

- _ -  a) for steam generators, pipes, and valves, see 

SBR program 

b) thermodynamic engirre, generator, nozzles: 

methods must be provided. 

c) heat sources: methods and suitable equipment 

must be developed. 

5. measurement of the state of filling 

a> test and choice of existing equipment for 

temperatures of 850°C and higher 

deveiopment of other methods acoustic, 

gamxa-ray, and the like) 

14 



i 

6. mzasurenent of the degree of purity of the working 

cediurn 

a) test of existing methods for use in typical NED 

system 

development of instruments for measuring the b) 

degrees of purity which will be determined in 

G. Eeat soilrces 

a) firing with fossil fuels 

(i) critical review is available 

(ii) firing for typical Mi-ID application, as well as 

effects of stratification and heat conduction 

problems must be investigated. 

b) nuclear heat sources 

collection and critical testing of advances in the 

area of high temperature reactor technology 

H. Vaporization and stability of the flow 

1) spraying (nozzles) 

2) 

3) boiling in a pool 

4 )  

Soiling in flow through tubes 

experimental and theoretical studies on 

a) stable boiling 

b) condensat ion 

c> condensation surges 
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‘itTork as soon as 

possible fu ture  

h i l L n g  aad s t a b i i l t y  

o f  L’ne flow (K) 

working xedia ( A )  

highest consLzuctlon mazerisl. heat scurces (Gj + 
technology ( B )  + sa fc ty  zzd socrcss o f  

par i f  i ca t ion  of cknger ( E )  

working media ( D )  

instruinenlation ( F )  construction n a t e r i a l  

technclogy (3) + 
corrosioE ( C )  + 
pur i f i ca t ion  of worklng 

media ( D )  
- 

corrosion ( C )  + instrurr,sntation ( F )  

pu r i f i ca t ion  of worklng 

media ( D )  
- 

corrosion ( C )  + instrurr,sntation ( F )  

heat sources ( G )  
~~~ ~~ 

sa fe ty  and sources of also: general 

daz-iger ( E )  coi--, zruct ion p- racess 
- . - --_- . - -- I - __- 

1 G W S  L working media ( A )  
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P a r t  3 of the trip report 

1. Some spccial technical infoimation and statements on the 

literature 

2) purification of the alkali metals 

(i) filtration is said to be unnecessary, as long 

as the purity requirements are met for containers, 

pipzlines, and armatures, and as far as the 

circuit through the installation and its 

components, and the alkali metal itself 

correspond to the purity requirements. 

It can be said from our own observation (in- 

s2ections at AI in Canoga Park and at the AI 

and CEC installations in the mountains, 

well as from the JPL inspection) that the 

purity requirements are certainly fulfilled in 

these installations, 

from our installations and areas, to our 

as 

and that they differ 

- - -  

' definite discredit. 

(ii) for the purity needed with respect to oxygen 

concentration (between 10 and 30 ppm) in the 

SBR projects, they employ, as we do, cold 

traps in by-psss streams (10% of the total 

circulating mass) operating during the total 

running t ime . 
The results are good. 
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(iii) in special test installations (e. g., 

corrosion investigations) hot traps are 

used for smaller oxygen content. 

o r  an alloy of zircor,iw 2nd titanium is 

used z s  a scavenger metal. The latter 

Zirconium 

has an even higher affinity for oxygen than 

’ does zirconiux alone. Both form an insolu3ie 

oxide film. 

Tantalun is not used, because the tantalum 

oxide dissolves and/or is stripped off and 

carried out. 

for t h e  operation of TA installations! 

For the design of hot %raps (which should 

be planned with a safety factor of about 

S = 10) appropriate documents, along with 

n-7 and - -  r 2  7 are available. 
purification of the alkali metals from carbon. 

A hot trap is used, with 304 SS as scavenger. 

- 

This aspect is also important 

- 

(iv) 

The only condition for SBR is that the tern- 

perature of the hot trap must be higher than 

all the other parts of the circuit. It is 

realizable there. 

purification of potassium with respect to 

oxygen. 

Oxygen saturation values for potassium are 

quite unreliable. Exact values can Se waived 

temporarily, since the purification mechanism 

(v) 
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works as follows : 

At any temperature, sodium has a stronger 

affinity for oxygen than does potassiun. 

As long as there is er,ough sodiun in the 

potassium, sodiaa oxide (Na20) precipitates 

in a cold trap. 

equilibrium, 

is not transferred to the sodium, and so on. 

Thus the potassium can be purified adequately 

in spite of ths higher oxygen solubility in 

it, even at lower temperztures. 

Since there is no longer 

the oxygen bound to potassiui 

The requirements for sodium content in potassium 

are : 

30 ppn 4 Na 4 5000 ppm 

It must be remembered that during the 

operation of the cold trap, the sodium 

concentration decreases along with the 

oxygen concentration. 
- _ -  

(vi) Mr. Wagner has some documents with respect to 

chemical affinities. 

Further inquiries should be sent to Dr. 

McKisson, directly or via Dr. Radebold 

at A I  (address below). 

b) Prices of potassiurn in America (MSA) 

Specifications: O2 .< 500 ppm 

C 4 100 ppm 

Na 4 2% 

19 



200 lb: 

3000 13: 

$2.50/lb 

$1.93/lb 

L 50 ppm’ O 2  
C .c: 50 pprn 

Na ca. 5000 ppm 

about $10/lb. 

c) solubility of gases 

ANL 7561; ANL 7325 

ANL 6900; ASL 7457 

In spite of the slight solubility of nierogxi, 

there is a great effect on corrosion at the 

sodium-nitrogen-container wall interface. 

For this reason, nitrogen is to be avoided 

as a protective gas (especially at high 

temperatures). - _ -  

d) measurement of impurity 

In operating systems, the !!plugging meter”, 

as before. 

In test installations, either analysis 

(distillation method) or 

“Electrochemical O2 -Meter 

United Xuclcar Corporction 

White Plains 

USA 
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measurement of carbon content: 

introduction of a probe of 304 SS, ar,d 
filially analysis. 

e )  corrosioa 

Particular statements on corrosion of 

tiaynes 25 were not available. In'formation 

on other alloys and special literature on 

corrosion (as well as other questions) at: 

IfLiquid Metals Inforination Center", address 

Some special literature on Tantalum corrosion: 

r 3  7. Further: r 4  7; 15-7; 1 6 - 7  
safety and sources of danger 

On design of installations for systematic 

failure analysis: see r 7  7. 
For further information, via Dr. Radebold or 

directly to F. A. Smith 

Reactor Engineering Division 

- -  - -  
f) 

(i) 

- -  

Argonne Xational Laboratory 

Argonne, Illinois 

USA 

Security precautions at the installations 

inspected: 

Adequate draixge containers in reinforced and 

isolated excavations. Installations either in 

unpopulated areas (mountains or deserts near 

Los Angeles) or in areas where the installations 

are built so that -;hey can be flooded with 

nitrogen. 

(ii) 
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I .  

8 c i r c u l a t  ing heater wi-ch 

8~ ebou~ 8 G 0 3 C ,  indeTeadexe of  changes ir, 

war" ~ ~ n g  _. coxl i t ions and z b i c z c r i l y  reprcducible. 

In this res-pct, see /3 7. - -  

(ii) K4SA has c G r r i e d  out r -unero i i s  icvestigaxions 

t h e  bo i l  icg ( s p u t t e r l n g )  Of alkali 

m2.tals o n  passzge through nozzles. Cn t h i s ,  

i;) for two-coxpoixnt opszatioix,, see /-io 7 . 
j )  f o r  two-phase accelerat ion,  see - f-11 - 7 . 
1;) c i r cu la t iox  c o x e p t s  .md systems 

- - 

F o r  consideraLlons, see r 1 2  7; r 1 3  7; r 1 4  7 - - - -  - - 

2 .  S o x  important addresses a d  esta3l is’hi i~nts  

a )  Xr. L. Prem 

Atonics Internazional Divisio-il 

Canoga Park 

Cal i fornia  

USA 
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3 .  

3) Liquid tfetals Information Center 

P. 0. Sox 1449, Canoga Park 

California 91304 

USA 

2) 4YL: see point I(vi) 

d) for ordering literature, see the bibliography, /-9 7 . - -  

T 2 +  LLberature 

r1-7 ;k J. P. Pemsler - 
Studies on the Oxygea Gradients in Oxidizing 

Netals . I. Zirconium 

J. Electrochem. SOC., Vol .  111, No. 4 ,  April, 1964. 

- r2-7 R. J. 'russey; W. W. Siaeltzer - .  - 

The Mechanism of Oxidation of Zirconium in 

the Tenperzture Range 400°C to 85OOC 

J. Electrochem. SOC., Vol .  111, No. 11, November, 

1964. 

- r3-7 Klueh 

' !!Corrosion by Liquid Metals'! 

AIME Symposium on Liquid Metals 

Philadelphia, Pa.; Oct. 13-15, 1969; USA. 

r4-7 ;': L. G. Hays - 
Corrosion of Sb - 1% Zr alloy and Yttria by 
Lithium at high flow velocities 

(JPL) NASA - Tech. Rep. 32-1233, 1967. 
L. G .  Hays; D. O'Conxor 

A 2000°F Lithium ErosLaa and Component 

/-5-7 ;': - 
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Performance Exs?riment 

(EL) NASA - Tech. Rep. 32-1150, 1967 

.I. I ,. 

Surface Dazage from High Velocity Flow of 

Lithium 

in preparation 

E'. A .  Smith 

, ,  

Physico-chemical Mechanics of Metals in 

Nuclear Reactors 

Int. J. Nondestructive Testing 

Vol. 1, 1 9 6 9 .  

- rg-7 L. Pren Saroczy 

Stabilized Boiling1! 

CEP S p p .  Ser. Vol. 64, No. 82, 1968. 

r 9 - 7  ;: 0 .  A. Gutierrez, D. B. Fenn - 
Experimental cavitation and flashing of 

potassium flowicg adiabatically through a 

venturi sized as a boiler inlet. 

NASA TND - 5738 
Can be ordered from: 

Clearinghouse for Federal Scientific and 

Tzchnical Information 

Springfield, Virginia 22151 

USA 

Gerald Pi. Kikin et a1 

Litniu - Boiling Pokssiun Test Loop 

(JPL) NASA Tech. Re?.  32-1083 (1966). 

- TlO-7 ;': 
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Til 7 Xoberz B. Eddl- Lngtor: - - 
Investigation of Supersonic Shock Phenorrena 

in a Two-Phase (Liquid-Gas) Tunnel 

( J P L )  NASA Tech. Rep. 32-1096 (1967) 

- r l 2 - 7  i': D .  G .  El1ior;t 

Cycle -4nalysis Results for Cs-Li WID Converter 

in preparation, 1970. 

- /-I37 ;'; L. L. Prern; W. E. Parkins 

Outlook for binary power plants using liquid- 

metal PH13 

IEEE Spectrum, May, 1970. 

- r14-7 ;': D .  G .  Elliot et a1 

Investigation of a liquid-metal MHD power 

system 

5 t h  Intersociety Energy Engineering Conference 

Las Vegas, Kevada, Sep. 2 1  - 25, 1970. 

The 9zpers designated are in the library of the 

Special Research Branch. 
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Since these can be assumed 

to be adcquatzly known. 
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